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Abstra ct
T hc ptlrpOSe Ofthis
c atdhrn e nt are a･ m e Ciliw uzlg- Cisada n e w aLterShed of WestJa v a, h do nesl?, 1S Selected as study area whereintensive
la nduse cha ngesha v e o c ctJrrCd inthe re centpast.
The ele m ents of w aterbalan ce su ch asprecipitatio n, ru n offand e vapo 他 nspiratio ninto and &o mthe catchⅡ1ent
w ere estim ated indepe ndentlywith da士a obtaincd 丘o mdire ctm e as w e m e ntor m odelc alculatio n.
Bas ed o nthe obs erv atio nda:ta,therewas anin creas eh ru n oぼratio of Ciliw ung Riv er a nd Cisadan eRiv erabo ut
5 %a nd4 %respe ctiv ely. Itindicatesthat there are so me n a細 孔lor arti8cialchanges oflandⅥ5ethatdisturbtheriverls
Bows a ndother w afer cycle c o mpo ne nts st)chas ev apo 細 spiratio n.
Sate11ite re m ote Se nsingdata of 19$4a nd199lare usedto rev ealthelandus e cha nges･ As res ults, 也ere rec ognized
l町ge aTn O u nt Ofcha nge B
1
0 mPaddyto cropla nd alJo catio n阜ndn e w sctl8 m entareas ha r ebe endev elop申o npaddy and
croplandarea resp ctiv ely.
C har acteristic v altleS Ofalbedo ar e assigTledtoland us e class es, aZld arealeva[potra nspiratiozl Oftwo 阿iods are
c alcuhtedby using Per m (194S)equ 8tio n･ As re畠tlls,the a m otnof8 V apOtra nSpirdio nin l
'
984and in 1991w ere
I
,
123m mand 1
,
010m m respe ctiv ely, which de cre ased inthe a 皿 OllntOf1 13m (10 %),
Acc o rdingto c alclado n ofw aterbalan c e, thelarge am o unt ofresidtle, Which ister m ed asloss, hasbeet)fo u nd.
These va一uesindic atethepossibilityofthe e xisten ce ofperc olatio nir[todeeperlayers and the cha ngejnlw ater storage.
Key w o rds:Remote se nsing, La ndtLS e Changes, Ev apotraTISPiratio n, W aterbalan ce
1. lntrodtlCtioTI
T he chaJlge Ofw at9rbalan ce onthe Fo u nd surfac e ca nbe clari flCd o11ybyin vesti名ZItingthe chaJlgC Ofdlstribtlted
ratio ofinfiltratio n, ru n off, a nd ev apotr anspir adonto precipitatio n･ Whe n co nside血gzltleast o甲 hydrologic year,
w aterbalan ceinon epoint onthegro u ndsur&c e canbe expressed asfolo w s:
P = I＋ Dr ＋ Et
where
,
P:precipitatio n,I:inBlratiotl, DT
.ニdire ctr un off
,
Et: e vapo&anspiratio n･
In gttleral, the urbani2 Etio-I c aus edthein cre as e ofimperm eable are athtleadto theI4e creas e and 也e DritlCreaSe.
T hedecreasing a m o u ntoflc aus ethephe n o m en a su chas血Ilofw atertable 弧dthc
■
dryhgup ofspring)thein creasein
Dr c allSe S udden s urfhc e ru n o現 也atis calledu rban-s flo od. Again, theland c o ver chaJlgeS C a Ⅶ e也e changein am o unt
ofsun
'
s en e rgy abs o rbed o nthegrotmdstqfa cele adto the cha nge h e v apotran spiraitio n･ The ev apo 叫 irdio nis the
impo rtazltele m e ntof w aterbalaJICebecat)s eitc o nn e cts w aLter 皿d cl ergybahn c e･ The e vapotran spiraLdo n(Et)cha nge
co uldaffect e nviro Ⅱmenthez(t ofregioJlbr ex ample the de creasIZlg.a mOtmt Of Et m eans the de cre 血 g 狂m Otmt Of
abs orbed latentheaLtandc o ns equ e ntlyalete mPerattF e Ofregiollrise･
2. O bjectiv es ofsttldy
ciliw ung w atershed hasimportantaspe ct to s cr v ethe w aterfarJakarta disdict･ Re c ently, I n c r e a s esin dem aTldfor
food and hotlSingfacilit escatlSed byrapidpopulationgrowthanddispl耶 ¢m entOf 色r m ers加 m lo wland areasdue to
de v elopm e nta ndurbani2atio n cr eat press ure o nhily are as甲Stream ･ InappropriaLtC 血皿1ing Ⅱlethods a nd m o ve m entof
cultiy atio n tiptO the hillsidesis le adingto 伊 DIO Yalof力abra] v eget dio n c o v er, o sio n ofs oiJand decreas ein w ater
r etentio n. T herefore,itisimportad stlbject to studythei Waterbalanceinthis watershed 打 8a.
T he purpos e of this sttldyisto clari&the chaJ uteris6c ofw a工erb alan c einthehumidtropics甲pe Ciallyin the study
ar ea. Further m ore,the cha ngesin areale yapotran spir ation o v erthe sttldyare adtletOlandtLSe Changeswill be clarified･
3. Stt)dy Area
The study ar eais o n e of the cEtChn erltS are ain WestJav a and n a m ed Cilh机Ing W a:terShed withthc centerpolntis
latittlde 6o40
,
Sa nd lo ngitude lO6
o55,E･ T he w atershed o cctlPied343 kn
2in are a, e xte nd 加m ea st to w estirk2 8･5 km
and wid th丘o m sot1thto n orthh15.8 km 伊ig.1). The w atershed i5 C O mpOS ed oftw o main riv ers, CiliwlJng Riv er a nd
cis ad ane River. There ar etw o tn ountains, Mt. Pangrango(3,000m)in the s outheastpartand Mt･ Salak(2,loom)inthe
so uthw est. cilim mg Riy er. and so uthe astpar( of Cis adane Riv erhav eits tip per re ach at Mt. Pangrango while the
sotLhw estpart of Cis ad皿 e Riverhas its tip per rea ch art Mt･ S alak･ The riv
ers 加 w 丘･o m m ou nminou s are ato the
lowlar)dthr o ughBogorCityap ea which has elev atio n abo ut 250m abo ve mea n s e ale v el, An d dle ntw o rivers spreadto
the n orth, Cisadan eriv erflo w sto 塊e n orthw estbutCiliwung riv erflo wto the n orth throtLghtheJakarta cib'･
T he cliltlat6is tropic ala nd m o ns o on, c o n siting of a dry se ason ap pro xinately 舟o m May to October arid rainy
sea苧On fro.ANo ve mberto Apri1･ ･ The av erage annualpre cipitationinthis w atershed v aries&o m3,OOOrn mto5,000n rn･
M e an a 皿 u alte mpera:ttJre h thelo whnd is ar o und 24
oC, wi thd ailyr ange ofabo ut5
o
C･
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. M ethods
Thella nd use data us ed in this study arederived 如 m s ateliteim age data･ Tho se areL A ND S A T M S Sacquired at
July1984 a nd JapanMa血 e O bservatio nSatellite(M O S)acquiredact August1991. Each im age w as claLS Si丘ed int. fiv e
classes aC C Ord hg to-topographic m ap that is u s ed as ref re n ce map･ Tho se ar eforest, tea, paddy, c r opla nd a nd
s ettle m e nt･ The tre nd of lad use cha nges w as cal ulated by using CrO SSt8b m odule h ldrisi G ∫ss o氏wareClerk
Univ ersity(1 97).
The e vapotr皿 5Piratio n(Et)ofthe areais c alculated by
u sing PenTla n(1 94i)formtl a wi th land u se m ass, and
clim atologlC al data(air te npe?ture･ relativ ehumi dity,
windspeedad s u ndur adon)as mputparaJn eterS:
The calculated Et c o mbin ed widl hydrologJCal data
brecipitatio n a nd ru n o耳) 1B ed to calc ulate the w ater
balan c eof the w atershed in the studyarea.
5. RestJJts 且nd D iscIJSSioll
5･1･ Lzt ndtlS e Cha nges
h the 1 984
,
it appe ar ed that the co n c entratio n of
cr opland are ais still lo w but in 199 1 it sho w ed high
4ensity･ By comparing the im ages, itis cle aT that the
regio nW as o ccupied bypaddyin thepast. Asprese ntedin
Table-1, h 19$4 the p8rC 8ntage Ofpaddy area w asthe
largest(4l･2 %), follo w ed by tea(2 8.9 %) a nd forest
(17.5 %). b the 1 991sho w sthat the order ofs eries was
cha喝 e becatlS 8the per ce7Itage Of cropland a re abe ca m e
greg-terthan the forest are a and it indicat占d that the
croplandare ahav eincre ased largely.
Table2is the cro ss-tabtlhtio n r es ulted 丘o m cozrlpaTlng
e achpix el oftw oland us e m aps. T he c olu m n s ar eland
us e caLtegOries in 1 984a nd the ro w s ar eland 吐S e
c ategoriesin 1991･ T he diagon al line represe nts the are a
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Fig.1 Lo c atio n ofstudy are a
wherela71d us eis sti丑 un changed･ The other cells pres ent the ar e& wherela nd u se chaJlgeSis o c curred. Assho wnin
Tめle 2,･in thw criod betw e en19 84 and 1991 thereis hrge arn ot)nt ofshi丑払g 如 m paddy to cropland allocatio n
(12･8 %)I And 8甲 叫 em ezt arei(3･4 % and
■
1･3 %)in 1991 ha sbee ndev eloped on paddy a nd croplad are a
respe ctiv ely･ Andl軸hlth/
ittable alさ0 甲nb6 S ¢6 nthat there_
is n o significantchanEC hfor ゅst ar eabetw centh isperiod.
T he sbぬing 如 n p8d斬 o cropt
L
aEdidicateqtheinc reas e ofdc m a ndforycgetablesdu eto txrba ni2 atiop.
Tab]el The prQJ) O rtioJLふr ea otlふ･pd益隻j益二義由 触iat､且red
Category
Land useirlI?84 La ndtI5 モ nlタタ1 C bges
,
He cbTe Pe Te e〝1 Hed 加 PezICe nE Hecぬre PeTYh2td
S丑屯[eEn edt 1,481 3.9 3,4Sl 9.1
2,00 0.3 13 5.1
Piddy 15.834 41.2 1 0,1 58 26.5
-5.676.0 135.8
Cropland 3J3S
:
臥4 7,2 2S 1 &.8 3990.0 123.2
Te a ll,Il 2書.9 l l,P2 2 8.7
･111.7 -1.0
Forest 6,733 17.5 6,53 0 17.0
･2O2.5 .3.0
TotBl 3 S,401 100. 38,4 01 100.
T?ble2Cro昏S-ta-btl a也onl争JIdtzsein 19 糾(c olt)m n s)aE8iJ)Stl8 ndtlSeiJ11 991(r ows)
Set LeJZleJ]t PAddy Cr叩1a nd.
■ Tea Fo rest Total
Sett)ern e At 3,69 3.47 1.34 0.32 0.25 9.07
Pad dy 0.ll 2 4.92 1.41 0.00 0.O l 2 6.4 5
Cr op)8J)d 0.02 12.82 5.54 0.30 0.1 4 l&.82
TciI 0.02 0.01 old 2813 0.29 2i.65
Forest 0.01 0.02 0.04 0.09 16.84 17.Ol
Toh ) 3.&6 4 l.23 8.43 28.94 1 7.53 1 00.OO
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5･2･ Cha ngesin e y apotraJ)SPiratjoJ)
Figure 2 sho w sthe c o mparis on chartbetw ee n e v apotr anspiratio n(Et)in 1984a nd19l. Itis se en that alm o,【
m onthly Etin 1 91 decre ased c o mpar mg within 1984･ h gen eral･ the rue of Et w asin creas ¢bom July thro ughoctober
,
and wasgoingto lo w startingin No v ember u ndl Jan uary･ As sho wnin Table 3, the ma 血 u m m o nthlyEtin19 84 w as achie ved in August at115m 皿 andthe minizn uzn v alu eis h Janu azy at62m . In 1991 the m axim u m .
･
sin
October at 105m m a nd minim urn v alu eis in Febru ary at62m m･ T he totalEtin 1984 and 1991 w ere 1
,
123Inm and
I
7
0I0m
･
m and the decre aslng V aheis1 13m m･ Itse e m sto be reas o n able c onsideringthe p甲t ぬdy w asd･onebyCalder
(I9 86)･ He c arried o utthe m eastzre m e nt oftr an spiratio n andinterc eptio nlo且S 加Tn a･region ofse co nda,ylowland
tropic alTain fbrestlo cated in theJanlap pa n a仙
･
e r e s eTV e･ WestJav a, uS l ngS oilphysic aland w ぬ ･ balan ce m ethods.
T he calc ulatedtotale v apob
･
a zISpir ation&om the site w asi,481
this studyc o nsideringthepaststudyistheforestregio n.
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5 3･ Dis charge
m . This vahle lSgeaterthanthe values obtainedir)
As desc n
'
bed
■
h pr eviotwse ctio n, thereis large
a m o u nt ofshi氏ing 丘o mpaddyto cr opland alocation
(12L8 %) and new■s ettle m ent aT6 a(3.4%)ha vebe en
d¢yelop8d on
L
paddy are,ain the period b6tW eeT11984
and 1 91･ It indicates that the ey apotrazISpiratio n
cha nge w asm aiTly catlSed by the land use shifting
&o mpaddyto croplm dazldsettle m e nt. Thos ¢haduse
changes hay c affectedthe energybalaTiCe Ofthat area
whichis cau 86d bythe hcrea se ofr eflectedincom Jng
s olar radiatiozl.
Fr o mFigure3 canbe se enthatm onthly pr ecIPitatio nin1 991 islo wer thanin1984ex c eptinFebrn 町yand Dece mbsr.
By observing ru n offr atio gr aphs･itsfou ndthat ru n offratio v aln esin 191ishigherthanin 1984 dnringr ainyseasoん,
T his m e aTISthattheportio n ofpre cIPitatio n which加 w dire ctlyirEtO Cha m elstreamsis m cFeaSed &o m1984to1991. 7n
dry se asorLthe ru n Offratio of1991 islo w erthan h1914･ Thisindic atedthatin a se ason wih ､alittlepre cipitation the
riv erlsbas eflo will199 1islo w erthanin1984･ This e videTIC eSho w edthd the hadu se changeshav e also affe ctedthe
dischargeinthe sttldyare a.
Table3 Co mDa rjs o n ev apotraTIST)ir atio n(Et)in198 4.1タタ1B nd Et- c r o S S.
J叩 Feb Ma rAPT MayJtIJlJuI AtJg Sep Oct Noy J)e c Total
Et_1 984 62.I 81.2 9 i.7 90.2 94.8 89.5 101 11 6 1 06 104 $9.4 91.2 123
.
7
Et-1991 6S.7 62 79･7 76.3 S2.5 83.5 91.4 10091.6■10586.6 $3.2 1010.3
Tab)e4 Rtm oErmtjo betw een1984 and1991
C K19 8 4 C G 1 9 8 4W W19 8 4 CK 19 9 1 CG 191 W W 1991
P 3796.4 372 7. 3 759.3 3503.0 3 3 9 6,7 344 5.7
Q 14 89.5 1 451.4 1 468.9 1 41.8 13 7 4.2 14(】5.3
R R 39.2 38.9 39,1 4 1.2 40.5 4 0.8
C K= Ciliw u Tlg K 血 l町Ipa Stlb･ cz(tchTnent, C Gさヨ Cisada ne Ge nte喝 Sub一 七atChm cnt,
W W - whole w atershed,P
-
pTe Cipitalion,Q- discharge, R R声紬n OfFrdio(%)
AIs o&o mFigtw e3, dlereislarge a m o u nt ofv atiEtio n which e xists h the m oJlth 1y pre cipitaLtion and dischargein
c atchm e nt are a･ The reas o nis thatthe catchm e nt areais lo cated in tropic al 喝io ns whi血 hv edistin ctdry a nd w et
seas o n･ T he m axiln u m monthly pr ecipitatio n som etim es re aches500皿 m . On the co ntrary, there aretw o orthTee
c o n s e c lltiv e m o nths witho utrain血1l.
Fro m Table 4 itc anbe se enthatin CiliⅥ 1ng- Katula mpa riv er a nd Cis adane- GeLlte ng riv erthe I Ⅶ Offr atio incr ease
ar o t nd 5 %and 4 %respectively.
5.4. An n u alw ate rbala n c e
The an n u al w aterb alan c e of the totalcatchmer[t are a and e ach sub･ catchmezLtis 芦ho w nin Table 5. Im the whole
w atershed byintegra-ting tw o sllb-c at cll melltS iIltO C alc uhtio nhav ebeenfotlnd large am o unt ofresidtle that c anbe
terT n edaslossin cltld血gtheLpO SSibility ofthe exist弧 Ce Ofperc ol虹io nhto de eperlayers and thB Changein w ater storage.
Thelossin 1984wasI,16 m thatis31 %of an n ualprecipitation whilein1991as m uchas1,030m m or30 %ofan n u aJ
pre cipitatio n･
r
rbe simi lar res earch o nthe s otlhw est slope of ML Merapi(S hiban o eE aZ･ 1996)has fou nd the de ep
se epage as znllCh as1,094 m or30 %ofa n m la pre cipitatio n･ Ohta and Ktlbota(1995)repo rted deepS eepage aS much
as7 20-I
,
060m m
,
which is 45155 %ofan ntlalpre cipitatio n,ill rese arch o n也e s o uthslope ofMt. Bandai.
Howev er, 血rther in vestigation of w aterbalan c ein th is study ar eais n e ed d with adeqtlate hydrological data
especial一y pr ecipitation aTldgro u ndw aterdata.
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Fig.3 Co mpa ris oTL
'orprecipitAtioh a nd n Jh Offr atio
P･84〒precip他tioELin1984(m 皿), P-91〒precipitationin 1 99 1(m m)
RK184諸 口nOffratio ofCiliwu ng- Katulam pariverきn 1 9 84(%)■R且･9 1 軸 ｡飢 atio ofCiliw ung- KEt uhmp?riv er ln1 9 9 1(%)
R G-81報 u n offrd o ofCisd azle-Oe nte ng rive rin 19 84(%)
RG-94= RunofFratioofCisadan e- GeJ7teJlg riv erin199I(%)
Table 5 An m u al w aterbala DCe Ofthe sttldy ar ea
C二K 19 84 C G 1 98 4 W W 19 S 4 C Iく19 9 1 C G 199 1 Ⅵ W 1 9 91
P 379 6.4 3 72 7.7 3 7 59.ユ 3 50 3.0 3 39 6,7 3 44 5,7
Q 1 4 8 9.5 14 51,4 1 4 68.9 1 4 4 1.8 1 3 7 4.2 1 4 O 5.3
Et 112 0.8 1 12 6.3 11 23.7 99 4.0 1 02 4.2 101 0.3
L 118 6.1 1150.0 1166.7 1087.2 9 98.3 103 0.1
C K- Cilw tlng KEtulaL npa Sub- wtchm ent, C G
- Cisad 皿 e Gc nte ngsub･ catchm ent, W W= ロ Whole w atershed.
P ≡ ; pre cipitatio n, Q - discha rge, Et = ev apotra nspir atioTl and L- lo ss(pe rc ohtio nirLtO de eplayers Z mdthe
change ofw aterstor age(u nitin m m)
6. Co n clusio ns
The spatial distributio n ofe v apotr n spirado nin Cuiw mg watershed w as esti-h ated byusingPe nma n(1 948)equ atio n.
Land tlSedata us ed as oI暮6.Ofi印 d par a m eters arederiv ed 丑
.
o 皿 S ate11itci im age data･ As r es ults, dle an n ual
ev apotra nspiradDtlin 19･名4 a nd 1991 w as1,123m m and1,010m respe ctiv ely which de cre as ed in the a m olmt Of
113m m. Fro m c o npa血gbetw ee nthe cllangCSinlandtlSe a nd the changesin ev apotranspiraito n(Et)in 1984and 19l,
記三s
c
e
le
l
y
nTutsぎec謡慧e
o認諾■芸慧宗鑑濃去怒 慧訟慧:;p3gd%fy
o
,h
T
c
OPian= EQSfeTel;:cTeti
in c o m mgs olar radiatio n.
T heland tw e chahges alsb af6e cted s oilw ater r et ntio nleadlo 也ci ru nOffratio ofCili肌 ng- Katulampa Riv er aTld
Cisadan e- Ge nteng Riv erhav eincre as edaround5% and 4 %respectively･
Fr o mthe w aterb 血n c e c alculatio n,thela rge a m otHOflosshasb占enfo und. Thelossin 1984w as ar o 皿d1,166m m
thatis 31% of8n ntZalpre cipitation whilein 1991 as m n ch as1,030m m or30 % ofa 皿 ualprccipitatiotl･ T hes e v altleS
irtdic ate thepo ssibiliち･ of the e xistenc e ofpcrc olatiollintode eperlayers and the changein w ater stor age･
Ho w ev cr
,
丘1rtherin v esdg血 on of waLterbalance in th is study are ais n eeded wi thadequ ate hydrologlC al data
espe cially preCipitation 甲dgr DtLndw aterd 血.
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